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Hemodialysis-Induced Regional Left Ventricular Systolic
Dysfunction: Prevalence, Patient and Dialysis
Treatment-Related Factors, and Prognostic Significance
Solmaz Assa,* Yoran M. Hummel,† Adriaan A. Voors,† Johanna Kuipers,‡ Ralf Westerhuis,* ‡ Paul E. de Jong,*
and Casper F.M. Franssen*

Summary
Background and objectives The hemodialysis procedure may acutely induce regional left ventricular systolic
dysfunction. This study evaluated the prevalence, time course, and associated patient- and dialysis-related
factors of this entity and its association with outcome.
Design, setting, participants, & measurements Hemodialysis patients (105) on a three times per week dialysis
schedule were studied between March of 2009 and March of 2010. Echocardiography was performed before
dialysis, at 60 and 180 minutes intradialysis, and at 30 minutes postdialysis. Hemodialysis-induced regional
left ventricular systolic dysfunction was deﬁned as an increase in wall motion score in more than or equal to
two segments.
Results Hemodialysis-induced regional left ventricular systolic dysfunction occurred in 29 (27%) patients; 17
patients developed regional left ventricular systolic dysfunction 60 minutes after onset of dialysis. Patients with
hemodialysis-induced left ventricular systolic dysfunction were more often male, had higher left ventricular
mass index, and had worse predialysis left ventricular systolic function (left ventricular ejection fraction). The
course of blood volume, BP, heart rate, electrolytes, and acid–base parameters during dialysis did not differ
signiﬁcantly between the two groups. Patients with hemodialysis-induced regional left ventricular systolic
dysfunction had a signiﬁcantly higher mortality after correction for age, sex, dialysis vintage, diabetes, cardiovascular history, ultraﬁltration volume, left ventricular mass index, and predialysis wall motion score index.
Conclusions Hemodialysis induces regional wall motion abnormalities in a signiﬁcant proportion of patients, and
these changes are independently associated with increased mortality. Hemodialysis-induced regional left
ventricular systolic dysfunction occurs early during hemodialysis and is not related to changes in blood volume,
electrolytes, and acid–base parameters.
Clin J Am Soc Nephrol 7: 1615–1623, 2012. doi: 10.2215/CJN.00850112

Introduction
Cardiac mortality and morbidity is much higher in hemodialysis patients compared with the general population (1,2). The excess mortality cannot be explained by
traditional risk factors (3). It is increasingly recognized
that the hemodialysis procedure itself may be a risk
factor in developing cardiac dysfunction (4–7). By applying positron emission tomography scanning during
hemodialysis, we and others showed that hemodialysis
sessions reduce myocardial blood ﬂow (8,9). In some
patients, the fall in myocardial blood ﬂow was severe
enough to result in reversible left ventricular (LV) systolic dysfunction, especially in regions with the greatest fall in myocardial blood ﬂow (8,9). Reversible
regional LV systolic dysfunction during hemodialysis
has also been shown in several relatively small studies
using serial echocardiography (5,10). In a larger study
population, the work by Burton et al. (11) recently
showed that hemodialysis-induced LV systolic
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dysfunction occurred in more than one-half of their
patients and was associated with higher all-cause mortality. However, the echocardiographic technique to
assess the development of hemodialysis-induced LV
systolic dysfunction in these studies (5,10,11) is not
routinely used in clinical patient care. Moreover, the
time course of this entity in relation to blood volume
and hemodynamic changes is not well delineated.
Also, the relationship between hemodialysis-induced
LV systolic dysfunction and relevant patient characteristics, like predialysis LV function and LV mass,
has not been studied in detail. Finally, the association
between hemodialysis-induced LV systolic dysfunction and speciﬁc dialysis-related factors, such as electrolyte and acid–base shifts, is presently unknown but
relevant, because these factors can inﬂuence cardiac
function and are modiﬁable (12–15). In this study,
we assessed >the acute effects of hemodialysis on
global andregional LV systolic function by serial
Copyright © 2012 by the American Society of Nephrology
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echocardiography before, during, and after dialysis using
the routine systolic measurements for clinical practice that
are recommended by the American Society of Echocardiography (16). In addition, we studied the association between
hemodialysis-induced LV systolic dysfunction and patientand dialysis-related factors and its impact on outcome.

Materials and Methods
Patients and Study Design
Hemodialysis patients from the Dialysis Center Groningen
and the University Medical Center Groningen were eligible
for this study if they were treated with hemodialysis for more
than 3 months and were on a three time per week hemodialysis schedule. Patients with severe heart failure (New York
Heart Association functional classiﬁcation, stage IV) and patients who did not have an adequate window for echocardiography imaging were excluded.
Patients were studied at the dialysis session after the
longest interdialytic interval (3 days). The dialysis duration
was 4 hours. Patients’ characteristics were assessed at entry into the study. Diabetes was deﬁned as fasting blood
glucose.6 mmol/L or the use of antidiabetic drugs. Hypertension was deﬁned as a predialysis systolic BP.140
mmHg and/or diastolic BP.90 mmHg or the use of antihypertensive drugs. Cardiovascular history was deﬁned as
any history of ischemic heart disease, congestive heart failure, coronary artery bypass grafting, percutaneous coronary intervention, stroke, or peripheral vascular disease.
BP and heart rate were measured 30 minutes before the
start of hemodialysis, every 30 minutes during hemodialysis, and 30 minutes postdialysis. Blood samples were
collected at the start of hemodialysis, 60 and 180 minutes
intrahemodialysis, and the end of the dialysis session. Blood
was sampled for the immediate determination of hematocrit, plasma albumin, acid–base parameters, sodium, potassium, magnesium, and total and ionized serum calcium
levels. The change in blood volume was calculated from
the change in hematocrit ([(Ht0/Ht1)21]3100). Ht0 and
Ht1 represent the hematocrit at the start of hemodialysis
and during hemodialysis, respectively. Ultraﬁltration rate
was expressed in milliliters per hour per kilogram by dividing the ultraﬁltration volume by dialysis session length
and target weight as previously described (17). Equilibrated Kt/V was calculated from pre- and postdialysis
plasma urea concentration according to the second generation logarithmic Daurgirdas equation (18). The nutritional
status of the patients was assessed with the seven-point subjective global assessment. This seven-point subjective global
assessment has been described and validated in dialysis
patients in The Netherlands Cooperative Study on the Adequacy of Dialysis (19). A score of seven indicates a normal
nutritional status, and a score of one indicates severe protein
energy wasting. The study was performed according to the
Declaration of Helsinki and approved by the Medical Ethical
Committee of the University Medical Center Groningen. All
patients gave written informed consent. The study was performed between March of 2009 and March of 2010.
Dialysis Settings
All patients were on bicarbonate dialysis with a low-ﬂux
polysulfone hollow-ﬁber dialyser (F8; Fresenius Medical

Care, Bad Hamburg, Germany). Blood ﬂow and dialysate
ﬂow rates were 250–350 ml/min and 500 ml/min, respectively. Dialysate temperature was 36.0°C in all patients. Dialysate composition was sodium (139 mmol/L), potassium
(1.0 or 2.0 mmol/L), calcium (1.5 mmol/L), magnesium (0.5
mmol/L), chloride (108 mmol/L), bicarbonate (34 mmol/L),
acetate (3.0 mmol/L), and glucose (1.0 g/L). We used constant ultraﬁltration rate and dialysate conductivity. The water for hemodialysis complied with the requirements of the
European Pharmacopoeia (,100 colony forming units/ml
and ,0.25 endotoxin units/ml). Patients received a light
meal after the echocardiography at 60 minutes intradialysis.
All patients were dialyzed in supine position, which was
convenient for echocardiography and excluded the effect
of posture changes on blood volume
Echocardiography Examination
A dedicated team of three experienced technicians performed two-dimensional echocardiography using a General
Electric VIVID 7 system with a 2.5-mHz probe. Echocardiography was performed four times: before hemodialysis, at
60 and 180 minutes after the start of hemodialysis, and at
30 minutes after the end of hemodialysis. One experienced
technician (Y.M.H.) performed all the analyses ofﬂine according to the guidelines of the European Society of Echocardiography (20). At least three consecutive heartbeats in each
view were acquired. Global and regional systolic function
was evaluated by left ventricular ejection fraction (LVEF)
and wall motion score index (WMSI), respectively. LVEF
was calculated using the biplane Simpson’s method. WMSI
was evaluated according to the 16-segments model (as recommended by the American Society of Echocardiography)
(16) by a single technician (Y.M.H) who was blinded to the
order of echocardiography studies. For each patient, the
number of LV regions (from a total of 16) that developed
new (not present before hemodialysis) regional wall motion
abnormalities (RWMAs) during hemodialysis was calculated.
RWMA was deﬁned as an increase in WMS in the speciﬁc
LV segment occurring at 60 minutes intradialysis, 180 minutes intradialysis, or 30 minutes posthemodialysis compared
with predialysis. Hemodialysis-induced LV systolic dysfunction was deﬁned as the development of new RWMAs in two
or more LV segments compared with predialysis.
LV mass index was calculated as described previously (21).
Left ventricular hypertrophy (LVH) was deﬁned as LV mass
index.95 g/m2 for women and .115 g/m2 for men.
Statistical Analyses
Data are reported as mean 6 SD for continuous variables
with normal distributions, median (interquartile range
[IQR]) for skewed variables, and number (percent) for categorical data. Comparisons with baseline were made by
paired t, Wilcoxon signed rank, and chi-squared tests for
parametric, nonparametric, and categorical variables, respectively. The survival curves for the patients with and
without hemodialysis-induced LV systolic dysfunction
were computed by the Kaplan–Meier method, and differences between the curves were compared by log-rank test.
The multivariate Cox proportional hazards model was used
to evaluate the association between hemodialysis-induced
LV systolic dysfunction and all-cause mortality (adjusted
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for age, sex, dialysis vintage, diabetes, cardiovascular history, ultraﬁltration volume, LV mass index, and predialysis
WMSI). Two-sided P value 0.05 was considered signiﬁcant.
All statistical analyses were performed with STATA version
11 (StataCorp LP, College Station, TX).

higher LV mass index (P=0.05), had a higher predialysis
WMSI (P,0.001), and had a lower predialysis LVEF
(P=0.008). The proportion of patients with LVH did not differ
signiﬁcantly between patients with (21%) and without (25%)
hemodialysis-induced LV systolic dysfunction (P=0.64).

Results

Hemodynamic Parameters
Figure 2 shows the course of systolic and diastolic BPs.
Predialysis systolic BP was lower (132.9621.7 versus
143.4625.0, P=0.06) and predialysis heart rate was slightly
higher (74 [IQR=66–86] versus 71 [IQR=63–82], P=0.30) in
patients with compared with patients without hemodialysisinduced LV systolic dysfunction. The difference in predialysis
heart rate and systolic BP between the two groups persisted until the end of the hemodialysis session. At the end
of hemodialysis, heart rate tended to be higher in patients
with compared with patients without hemodialysis-induced
LV systolic dysfunction (84 [IQR=77–93] versus 77 [IQR=66–
86], P=0.06).
The total ultraﬁltration volume and ultraﬁltration rate during hemodialysis did not differ signiﬁcantly between patients with and without hemodialysis-induced LV systolic
dysfunction (Table 1). Blood volume decreased during hemodialysis as a result of ultraﬁltration. At 60 minutes of hemodialysis,the change in blood volume was 20.964.5%
and 21.263.4% in patients with and without hemodialysisinduced LV systolic dysfunction, respectively (P=0.41). At
the end of the hemodialysis session, blood volume was
signiﬁcantly (P,0.001) lower compared with the start of hemodialysis in both groups (24.366.1% and 24.564.6% in
patients with and without hemodialysis-induced LV systolic
dysfunction, respectively). As shown in Figure 2, the blood
volume course did not differ between patients with and
without hemodialysis-induced LV systolic dysfunction.

Patient Characteristics
The recruitment process of participants is outlined in
Figure 1; 109 patients participated in this study, and 4
patients were excluded from the analysis, because it was
not possible to reliably assess the per-segment LV function
during hemodialysis. The patient characteristics of the remaining 105 patients are shown in Table 1. The median
(IQR) age was 66 (51–75) years, and 64.8% were male (Table 1). They had been treated with hemodialysis for a median of 21.4 (IQR=7.8–48.5) months; 22% of patients had
diabetes, and 80% of patients had hypertension. The average total ultraﬁltration volume and ultraﬁltration rate during hemodialysis were 2.660.8 L and 8.562.6 ml/kg per
hour, respectively (Table 1).
Echocardiographic Parameters
Thirty-seven (35.2%) and forty-two (40.0%) patients had
prehemodialysis LVEF,50% and WMSI.1, respectively.
LVH was present in 25 (23.8%) patients.
None of the participating patients had angina or any other
symptom of myocardial ischemia during or after the hemodialysis session; 29 patients (27%) developed new RWMA
in two or more LV segments at 60 minutes intradialysis, 180
minutes intradialysis, or 30 minutes postdialysis, and thus,
they had hemodialysis-induced LV systolic dysfunction. Of
these patients, 17 (59%) patients had RWMA in more than or
equal to two segments at 60 minutes intradialysis, when their
blood volume was only 20.964.5% lower compared with
the start of hemodialysis.
As shown in Table 1, patients with hemodialysis-induced
LV systolic dysfunction were more often male (P=0.05), had a

Figure 1. | Recruitment process of study participants.

Acid–Base and Electrolyte Changes
Plasma bicarbonate levels and blood pH rose signiﬁcantly
(P,0.001) during hemodialysis in both groups (Figure 3), but
the course of bicarbonate levels and blood pH did not differ
signiﬁcantly between patients with and without hemodialysisinduced LV systolic dysfunction. As shown in Figure 3,
plasma levels of sodium, potassium, ionized calcium,
albumin-corrected calcium, and magnesium did not differ
signiﬁcantly between patients with and without hemodialysisinduced LV systolic dysfunction.
Prognostic Significance of Hemodialysis-Induced Regional
LV Dysfunction
The median (range) duration of follow-up in surviving
patients was 16.4 (12.3–24.5) months. The total follow-up time
was 130.8 patient years. During follow-up, 9 (31%) patients
that developed hemodialysis-induced LV systolic dysfunction and 6 (8%) patients that did not develop hemodialysisinduced LV dysfunction died (P=0.002) (Figure 4); 60% of
deaths had a cardiac cause. The difference in mortality between the two groups remained statistically signiﬁcant after
correction for age, sex, dialysis vintage, diabetes, cardiovascular history, ultraﬁltration volume, LV mass index,
and predialysis WMSI (hazard ratio=4.6, conﬁdence interval=1.15–18.5, P=0.03). As shown in Figure 5, survival
worsened with an increased number of abnormal LV
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Table 1. Patient characteristics

Median age in years (IQR)
Male sex (n)
Median dialysis vintage
in months (IQR)
Diabetes (n)
Hypertension (n)
Cardiovascular history
(n)
Median BMI (kg/m2;
IQR)
Primary renal disease (n)
Hypertension
Diabetes
ADPKD
FSGS
IgA nephropathy
Chronic pyelonephritis
Glomerulonephritis
Other diagnoses
Unknown
Medication (n)
Aspirin
CCB
b-Blocker
ACE inhibitor
ARB
Statin
Median SGA (IQR)
Hematocrit (mean 6 SD)
Median albumin (g/L;
IQR)
Median phosphate
(mmol/L; IQR)
Median Kt/V (IQR)
Ultraﬁltration volume
(L; mean 6 SD)
Ultraﬁltration rate
(ml/kg per hour;
mean 6 SD)
LV mass index (g/m2;
mean 6 SD)
LVH (n)
Median predialysis
WMSI (IQR)
Predialysis LVEF
(mean 6 SD)

All Patients
(n=105)

No Hemodialysis-Induced
Regional LV Dysfunction
(n=76)

Hemodialysis-Induced
Regional LV Dysfunction
(n=29)

P
Value

66 (51–75)
68 (64.8%)
21.4 (7.8–48.5)

64 (50–75)
45 (59.2%)
24 (8.3–48.3)

69 (58–78)
23 (79.3%)
18.4 (5.5–49.7)

0.18
0.05
0.69

4 (13.8%)
23 (79.3%)
8 (27.6%)

0.28
0.95
0.39

23 (21.9%)
84 (80.0%)
23 (21.9%)
25.2 (23.0–28.1)

19 (25.0%)
61 (80.3%)
15 (19.7%)
25.2 (22.6–28.3)

25.2 (23.2–27.8)

0.88

17 (16.2%)
13 (12.4%)
14 (13.3%)
10 (9.5%)
4 (3.8%)
1 (1.0%)
13 (12.4%)
16 (15.2%)
17 (16.2%)

12 (15.8%)
11 (14.5%)
10 (13.6%)
8 (10.5%)
4 (5.3%)
1 (1.3%)
10 (13.2%)
10 (13.2%)
10 (13.2%)

5 (17.2%)
2 (6.9%)
4 (13.8%)
2 (6.9%)
0
0
3 (10.3%)
6 (20.6%)
7 (24.1%)

0.86
0.29
0.93
0.57
0.21
0.54
0.70
0.21
0.17

57 (54.3%)
14 (13.3%)
60 (57.1%)
10 (9.5%)
14 (13.3%)
20 (19.1%)
6 (6–7)
35.063.7
39 (37–41)

46 (60.5%)
12 (15.8%)
45 (59.2%)
8 (10.5%)
10 (13.2%)
14 (18.4%)
6 (6–7)
35.164.0
39 (37–42)

11 (37.9%)
2 (6.9%)
15 (51.7%)
2 (6.9%)
4 (13.8%)
6 (20.7%)
6 (5–7)
34.663.0
39 (37–41)

0.04
0.23
0.49
0.57
0.34
0.79
0.77
0.53
0.64

1.7 (1.3–1.9)

1.7 (1.3–2.0)

1.6 (1.4–1.9)

0.92

4.3 (3.8–4.7)
2.660.8

4.3 (3.8–4.7)
2.560.7

4.0 (3.9–4.5)
2.6060.9

0.36
0.83

8.363.0

0.59

101.7627.9

0.05
0.64
,0.001

8.562.6

8.662.5

93.3626.0

89.9624.6

25 (23.8%)
1.00 (1.00–1.13)

19 (25%)
1.00 (1.00–1.03)

6 (20.7%)
1.21 (1.06–1.44)

50.0%610.4%

51.8%69.5%

45.3%610.4%

0.008

LV, left ventricular; IQR, interquartile range; BMI, body mass index; ADPKD, adult dominant polycystic kidney disease; FSGS, focal
segmental glomerulosclerosis; CCB, calcium channel blocker; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor
blocker; SGA, subjective global assessment; LVH, LV hypertrophy; WMSI, wall motion score index; LVEF, LV ejection fraction.

segments developing during hemodialysis (overall difference between groups by log-rank test was P=0.009).

Discussion
In this study, we found that LV regional systolic dysfunction developed during hemodialysis in about one-quarter of
patients. In the majority of these patients, it occurred early

during hemodialysis. Hemodialysis-induced regional LV
systolic dysfunction was associated with male sex, higher
LV mass index, and pre-existent LV dysfunction, but it was
not associated with dialysis treatment-related factors, like
changes in blood volume, electrolytes, or acid–base parameters. Hemodialysis-induced regional LV systolic dysfunction was independently associated with higher all-cause
mortality.
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Figure 2. | The course of systolic and diastolic BP, heart rate, and blood volume change in patients with and without hemodialysis-induced
regional left ventricular (LV) systolic dysfunction (mean 6 SD).

The present study conﬁrms earlier observations that hemodialysis may acutely induce regional LV dysfunction in
a substantial proportion of patients (8,9,11,22). However,
we found a lower prevalence of hemodialysis-induced regional LV dysfunction than previously reported (11). This
ﬁnding may be explained by differences in the study population, like a lower proportion of patients with diabetes,
cardiovascular history, and LVH in our study. A second
explanation might be the difference in the method used for
the evaluation of regional LV systolic dysfunction. We
used standard echocardiographic evaluation of regional
LV function according to the guidelines of the American
Society of Echocardiography (16), which is validated for
routine clinical application, whereas the work by Burton
et al. (11) used the measurement of regional fractional
shortening to evaluate regional LV systolic function. Although this method is quantitative and reproducible, it is
not recommended in current practice guidelines.
A remarkable ﬁnding in our study was the observation
that, in many patients, regional LV systolic dysfunction
developed early during hemodialysis (i.e., within 1 hour of
the start of the dialysis session). At that time, the decrease
in blood volume was only marginal. Notably, the ultraﬁltration volume and the ultraﬁltration rate as well as the
change in blood volume did not differ between patients
with and without hemodialysis-induced regional LV systolic dysfunction. These observations suggest that

intradialytic blood volume changes do not have a dominant
role in the development of hemodialysis-induced regional
LV dysfunction. In a previous study, using cardiac positron
emission tomography scanning during hemodialysis, we
also observed that the reduction in myocardial blood ﬂow
occurred early (within 30 minutes of the start of dialysis)
during hemodialysis, even in the absence of ultraﬁltration
(8). In that study, there was no correlation between total
ultraﬁltration volume and the change in myocardial blood
ﬂow during hemodialysis. However, another study found
that ultraﬁltration volume was an independent predictor of
the development of regional LV systolic dysfunction during
hemodialysis (11).
In the present study, patients who developed hemodialysisinduced LV systolic dysfunction more often had an impaired
LV systolic function before hemodialysis more often. This ﬁnding suggests that patients with impaired predialysis systolic
function are more susceptible to the cardiac stress induced by
the hemodialysis procedure. Alternatively, the impaired
predialysis LV systolic function may be caused by repetitive
hemodialysis-induced myocardial hypoperfusion (myocardial stunning), which may eventually result in ﬁxed LV
dysfunction (11). Interestingly, we found that patients who
developed hemodialysis-induced LV systolic dysfunction
had a higher LV mass index compared with patients with
preserved LV systolic function during hemodialysis. It
has previously been shown that a higher LV mass index
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Figure 3. | The course of acid–base parameters (plasma bicarbonate and blood pH) and electrolytes (plasma sodium, potassium, ionized and
albumin-corrected calcium, and magnesium levels) in patients with and without hemodialysis-induced regional LV systolic dysfunction
(mean 6 SD).
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Figure 4. | Kaplan–Meier curve of all-cause mortality in patients with and without hemodialysis-induced regional LV systolic dysfunction.

Figure 5. | Kaplan–Meier curve of all-cause mortality in patients who did not develop regional wall abnormalities and patients with an
increasing number of LV segments developing regional wall motion abnormalities during hemodialysis.

in dialysis patients is associated with a relative reduction
in capillary density (myocyte–capillary mismatch) (23),
which may contribute to the development of ischemia.
Changes in electrolytes and acid–base parameters during
hemodialysis are known to have cardiovascular effects
(12–14,24,25) and might play a pathophysiological role in
the development of hemodialysis-induced LV systolic
dysfunction. In this study, we observed changes in electrolytes and acid–base parameters similar to those changes
described previously (24,26). However, we found no

signiﬁcant differences between patients with and without hemodialysis-induced LV systolic dysfunction.
Therefore, it is unlikely that electrolyte and acid–base
changes during hemodialysis are involved in the pathogenesis of hemodialysis-induced regional LV systolic
dysfunction.
Patients with hemodialysis-induced LV systolic dysfunction had a signiﬁcantly higher mortality during a median
follow-up of 16.4 months. In a previous study (11), it was
similarly shown that hemodialysis-induced cardiac
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dysfunction was associated with poor survival after 1 year.
In the present study, hemodialysis-induced regional LV
dysfunction seemed to be an independent risk factor for
all-cause mortality, because the association remained signiﬁcant after correction for other important prognostic
factors, such as age, sex, dialysis vintage, diabetes, cardiovascular history, ultraﬁltration volume, LV mass index,
and predialysis LV systolic function.
An important limitation of this study is the lack of angiographic evaluation of coronary arteries and therefore,
the inability to correlate the echocardiographic ﬁndings
with underlying coronary artery disease. This limitation
should be considered in future studies on the effect of
hemodialysis on LV function. A second limitation is the lack
of a validated echocardiographic deﬁnition of hemodialysisinduced regional LV systolic dysfunction. In this study,
hemodialysis-induced LV systolic dysfunction was deﬁned
as an increase in WMS in two or more LV segments
compared with predialysis. The use of other cutoff values
would have inﬂuenced the prevalence of this entity as well as
its association with outcome, because survival decreased
with an increasing number of segments developing abnormal
function during hemodialysis. Our study has several
strengths. First, this study is the largest study that evaluated
the acute effect of hemodialysis on LV global and regional
systolic function. Second, we used routine and clinically
applicable echocardiographic methods to evaluate global
and regional LV systolic function. Third, the echocardiographic analysis of regional LV systolic function was performed by a single technician who was blinded to the order
of echocardiography studies.
In conclusion, hemodialysis induces RWMAs in a significant proportion of patients, and these changes are
independently associated with increased mortality.
Hemodialysis-induced regional LV systolic dysfunction
occurs early during hemodialysis, and it is not related to
changes in blood volume, electrolytes, and acid–base
parameters.
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